Terrain variables are the main factors affecting the spatial distribution of snow cover. This paper aims to find a relationship between snow-cover area (SCA) and topographic variables (elevation, slope and aspect), using MODIS Terra data (MOD09A1) in parts of the Chenab basin, western Himalayas. The inter-annual variability of SCA% for each month has been analysed for the years 2000 to 2011. The analysis reveals that mean annual SCA value was maximum (37.89%) in 2005 and minimum (32.07%) in 2001. The slope classes with maximum and minimum SCA% are 5°-10°a nd 30°-35°, respectively. Among the 16 aspect classes, the ESE-facing slope evinces maximum SCA%. During the snow accumulation period, the expanse at 3600-4300 m elevation, and in the depletion period, 4300-5000 m elevation are found to have maximum rate of change in SCA% per 100 m rise in elevation, i.e. 3.37% and 3.67%, respectively.
Introduction
The Himalayas, the "Water Tower of Asia", has many glaciers distributed throughout its higher elevations and plays a prominent role in hydrological and meteorological conditions in the Indian peninsula (Bolch et al. 2012) . Kaser et al. (2010) have shown that the glacier contribution to water availability has major importance in very dry basins, moderate in most mid-latitude basins, and minor in monsoon climates. All the rivers in northern India are nourished by meltwater of the Himalayan glaciers; therefore millions of people are dependent on the glaciers for their survival. Bhambri et al. (2011) reported that the flow regimes of Himalayan rivers are governed by both seasonal and monsoon precipitation as well as snow-and ice-melt contributions. Immerzeel et al. (2010) also noticed that Himalayan glaciers contribute to overall river runoff. Several studies have been conducted to determine the average contribution of snow/glacier runoff and rainfall to the annual flow: for instance, it was noticed that snow and glacier melt contribute 59% and rain, 41% to the annual flow in the Satluj River at Bhakra Dam (Singh and Jain 2002) ; 97% from glacier melt and 3% from rain in the Gangotri glacier basin (Singh et al. 2008) ; 35% from snow and glacier melt in the Beas River at Pandoh Dam (Kumar et al. 2007 );~71% from snow and glacier melt at Loharinag-Pala (Arora et al. 2010) ; and 70-80% from snowmelt in the Upper Indus River (Wake 1989, Young and Hewitt 1990) . Further, Bookhagen and Burbank (2010) stated that snowmelt accounts for~50% of the annual runoff budget in the western Himalayas (Indus, Sutlej) whereas central and eastern Himalayan catchments receive more than 80% of their annual runoff from rainfall and less than 20% from snowmelt (except the large Tsangpo/ Brahmaputra catchment, which receives~34% of its annual discharge from snowmelt). Several researchers observed that precipitation storage in the form of snow and glaciers in mountains over a long period provides a large amount of water that regulates water distribution throughout the year (Singh et al. 1997, Singh and Jain 2002) . Tanasienko et al. (2011) mentioned that accurate estimation of snow water equivalent (SWE) can improve the efficiency of snowmelt runoff prediction. The observations from sparse weather stations are not sufficient for SWE retrieval, therefore remote sensing data prove helpful to overcome this problem (Dai et al. 2012) . Nowadays, at global as well as regional scales, passive microwave remote sensing is the most promising tool for SWE estimation (Derksen et al. 2010, Tedesco and Narvekar 2010) . Moreover, a reliable estimate of snow-cover area (SCA) and snow/ice melt is necessary for the assessment of mass balance of a glacier (Ranzi et al. 2010 , Huss et al. 2013 , as intense snowfall, avalanches and low temperatures favour mass gain (accumulation) and higher temperatures favour mass loss (ablation) (Bolch et al. 2012) . Therefore, monitoring the spatio-temporal distribution of snow is essential for management of water resources and predicting subsequent runoff (Jonas et al. 2009 ). In addition to streamflow generation in the Himalayan region, snow cover and glaciers also play a vital role in hydropower generation systems, regional climate, winter tourism, strategic planning, and many other developmental activities (Negi et al. 2013) .
Snow, being an integral part of the global climate system, affects and is affected by the patterns of climate and climate change (Gurung et al. 2011) . Seasonal snow cover in the northwest Himalayas acts as a climate change indicator and plays an important role in hydrological studies (Singh et al. 2012) . The influence of climate change has been suggested in the Chenab basin when future discharge was predicted using the Hydrologiska Byrans Vattenbalansavdelning (HBV) model (Kour and Jasrotia 2012) . The results obtained from the investigation indicate an increase in future discharge conditions in the short term 2020s, according to the A2 and B2 scenarios; however, in the long run 2030s, a decrease in annual discharge is expected. Snow-cover area of the Chenab basin was estimated over the period October 1982 to September 1992, which reveals maximum snow cover in March/April, i.e. 70%, and only 24.3% remains covered by perpetual snow and glaciers in September/October (Singh et al. 1997) . The inter-relationship of SCA with elevation and aspect was determined in four river basins, namely Satluj, Chenab, Ravi and Beas, with the help of MODIS Terra data (MOD10A2) over a period of 2 years (1 January 2003 to 17 December 2004) by Jain et al. (2009) , and the same relationship was studied in all the river basins of the northwest Himalayas during 2001 to 2012 by Sharma et al. (2014) . Snow distribution is mostly controlled by altitude in tropical countries such as India (Jain et al. 2009) , where the influence of aspect cannot be undervalued, for the reason that its effect with respect to the sun is most important at midlatitudes, as compared to equatorial and arctic latitudes. Snow cover not only depends on the elevation, but also varies with terrain features, such as aspect, slope and curvature in the local area Xu 2009, Kour et al. 2013) .
The present study was undertaken in parts of the Chenab basin, which has its origin in the Himalayas in Himachal Pradesh (India), and has great potential for freshwater as well as hydroelectric power generation. The main objectives of this study were to assess the impact of terrain variables such as elevation, slope and aspect on the spatio-temporal distribution of snowcover area percentage (SCA%) and to determine the inter-annual variability of SCA% of the entire study area in each month, using the 8-day composite Moderate Resolution Imaging Spectroradiometer (MODIS) product (MOD09A1) for the study period 2000-2011. We have also included two more aspects: first, determination of the rate of change in SCA% with respect to elevation in both the snow accumulation and snow depletion periods and, second, determination of SCA% in any desired elevation zone based on an equation.
Study area
The Chenab River, one of the five main tributaries of the Great Indus river system, is located in the western Himalayas, having the major portion of its catchment in India. The Chenab River is formed by the confluence of the Chandra and the Bhaga in Himachal Pradesh; after travelling 144 km, it enters Jammu and Kashmir state and flows southwest to Akhnoor, then it enters Pakistan through Sialkot district. In the present work, the Indian Chenab basin up to Akhnoor is considered.
The study area is elongated in shape, and spreads over two states, namely Himachal Pradesh and Jammu and Kashmir (Fig. 1 ). It covers an area of 22 200 km 2 ; of the total basin area only 8.22% lies below 1500 m elevation, 91.42% covers the elevation range of 1500-5800 m, and only 0.36% spreads beyond 5800 m elevation above mean sea level (a.s.l.).
The northwestern Himalayas runs from west to east, thus covering an area of 0.75 million km 2 and spanning over 3000 km in length with an average width of 300 km (Ray et al. 2011) . The western Himalayas is divided into three distinct zones on the basis of varying climate conditions, i.e. upper, middle and lower Himalayas (Sharma and Ganju 2000 , Negi et al. 2009 , Bhutiyani et al. 2010 , Negi et al. 2010 ). Sharma and Ganju (2000) classified the lower Himalayas/sub-tropical zone (Pir Panjal and Shamshawari range) as the zone of warm temperature, high precipitation and short winter period of 3 months. They characterized the middle Himalayas/mid-latitudinal zone (Great Himalayas and Zanskar range) by the occurrence of the highest mountain peaks and numerous glaciers, which generally receives precipitation at a moderate rate throughout the winter. They further reported the upper Himalayas (Karakoram and Ladakh range) as having an extremely cold climate, and snowfall in this zone is generally scanty but it extends almost throughout the year. The upper half of the Chenab basin is located between the Zanskar and the Pir Panjal ranges (Rao et al. 1997) .
Out of the total study area taken into consideration, areas of 588.6, 8385.6 and 13 225.8 km 2 lie in the Siwalik range, lower and middle Himalayas, respectively.
Materials and methods
The MODIS satellite data product, both Terra and Aqua, is a whiskbroom, multi-spectral sensor, 36-channel (visible-to-thermal-infrared sensor) composite, with spatial resolutions of 250 m (two bands), 500 m (five bands), and 1000 m (29 bands). Accuracy assessment of MODIS, NOAA and IRS data in snow-cover mapping under Himalayan conditions was carried out in detail by Jain et al. (2008) , who concluded that MODIS data could be effectively used for SCA estimation under Himalayan conditions. Moreover, the authors stated that the temporal resolution of MODIS and NOAA data is better than the IRS data, which means the chances of getting a cloud-free scene are higher. The accuracy of MODIS/Terra snow-cover data over the Tibetan Plateau area when compared with in situ Chinese snow observations was 90% (Pu et al. 2007) . In comparison to the daily snow-cover products, the 8-day composite of snow-cover maps greatly reduces the percentage of cloud-obscured pixels from nearly 50% to less than 7% over the Tibetan Plateau (Hall et al. 2001 . In this study, the MODIS Terra (MOD09A1), 8-day composite land-surface reflectance product was used to obtain SCA images, thus retaining the "best" observation during each 8-day period, for each cell in the image.
NASA's Shuttle Radar Topography Mission (SRTM) is a major advance in the accessibility of high-quality elevation data on a near-global scale. The SRTM was a specially modified radar system that flew on board the Space Shuttle Endeavour during an 11-day mission in February 2000. SRTM version 4 uses new interpolation algorithms and an improved auxiliary digital elevation model (DEM) and thus represents a significant improvement from the previous versions. The SRTM 90 m DEM (version 4) was used to produce elevation, slope and aspect maps of the study area.
SCA derived from MODIS data
The approach for obtaining SCA images from MODIS data uses band four (0.545-0.565 μm) and band six (1.628-1.652 μm) to calculate the normalized difference snow index (Hall et al. 1995) . Snow exhibits high reflectance in the visible wavelength and strong absorption in the infrared spectral regions, these characteristics make snow detection possible . The index also serves well in snow/cloud discrimination, since clouds tend to have high reflectance in both visible and mid-infrared wavelengths (Jain et al. 2009 ). The MODIS land surface reflectance product (MOD09A1) from February 2000 to December 2011 was used for snow mapping. The MOD09A1 images were re-projected to the Universal Transverse Mercator projection with the World Geodetic System (WGS84) as the datum plane. After re-projection of all the images, the DEM was co-registered with MOD09A1 data. The re-sampling of MOD09A1 data was done using a nearest neighbour method, which uses the value of the nearest pixel to assign the output pixel value. Subsequently, snow-covered and nonsnow-covered pixels were separated on the re-projected MODIS data using the NDSI index, equation (1):
A threshold value of 0.4 is generally used to discriminate snow-and non-snow-covered pixels (Hall et al. 2000 , Xiao et al. 2001 , Butt 2012 , She et al. 2014 , therefore the resulting pixels having NDSI values greater than 0.4 were considered to be snow pixels.
Elevation data and snow cover
To study the snow-cover distribution from different perspectives, the study area was divided into nine elevation zones using ERDAS Imagine image processing software, as shown in Fig. 2 . The area distribution for different altitudinal zones in the basin is shown in Table 1 . Snow appears at an elevation of 834 m a.s.l. in the Chenab basin (Jain et al. 2009 ), therefore the area below 800 m elevation was classified into one interval class, i.e. 300-800 m (elevation zone 1), because snow does not occur in this zone. As the snow melts, the snow line or the lowest limit of perpetual snow rises correspondingly from winter to summer. The snow line on the southern slopes of the western Himalayas is 5800 m (Bahadur 2004) , because south-facing slopes are sunnier therefore the snowline is higher on the southern aspect where there is more incoming solar radiation. Bhambri et al. (2011) also have reported that south-facing Himalayan slopes receive more radiation than the northern slopes. Since the area lying above 5800 m elevation zone remains perennially snow covered, it was classified into one interval zone. The area ranging from 800 to 5000 m elevation was classified into the 700 m interval because lower elevations show higher sensitivity to snow cover with time and need detailed investigation, and the remaining elevation range from 5000 to 5800 m was classified into a single interval class (elevation zone 8).
The classified elevation map was intersected with the snow-cover map to determine the distribution of snowcover percentage with respect to different relief zones.
Aspect map and snow cover
Aspect can have fundamental effects on the snow distribution processes (Meiman 1968 , Dexter 1986 ). Due to solar illumination and shadowing, a north-south difference in snowmelt is expected (Baumgartner and Apfl 1997) . Snow on south-facing slopes is shallower compared to the snow on north-facing slopes (Akyurek and Sorman 2002) . To evaluate the snow-cover distribution over aspect classes, an aspect map was derived from the SRTM DEM. In Table 2 , aspect class displays the general orientation of each area of land in square kilometres according to 16 regimes: N, NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W, WNW, NW and NNW. The study area distribution is almost uniform throughout each aspect class, with highest percentage distribution in the SW and SSW classes, i.e. 7.01% and 7%, respectively, and lowest in the ENE class, i.e. 5.59%.
Slope map and snow cover
For the purpose of detailed investigation of snow distribution, a slope map was generated at 5-degree intervals. The slope was measured in degrees with the convention of 0°for a horizontal plane. Slope of the study area varies from 0°to 80.54°. The largest area of the basin, nearly 57.52%, lies in the 20°-40°slope class interval and only 0.97% of the total area lies in the 70°-80.54°slope class. Figure 3 displays the area per slope and aspect class as percentages and Table 2 shows area distribution per aspect and slope class in km 2 . The slope map was intersected with the snowcover images to find the spatial extent of snow over 16 slope classes, for a period of 12 years (i.e. from 2000 to 2011).
Determination of SCA in different elevation zones
The rate of change in SCA% per metre rise in elevation (R n ) for the nth standard elevation zone in the snow accumulation period (i.e. from September to March) and depletion period (i.e. from April to August) is determined using equation (2):
where S n is SCA% for the respective snow accumulation/ depletion period averaged over a period of 12 years (i.e. from 2000 to 2011) pertaining to the nth standard elevation zone (Table 3) , S n−1 is SCA% for the respective snow accumulation/depletion period averaged over a period of 12 years pertaining to the (n -1)th standard elevation zone, ME n is the mid elevation of the nth standard elevation zone, and ME n−1 is the mid elevation of (n −1)th standard elevation zone.
In the present study, we have developed equation (3) to compute the SCA% of the snow accumulation and depletion periods in any desired elevation zone (n′) using equation (2):
where S n 0 is the desired SCA% for the snow accumulation/depletion period of any (n′) elevation zone, S nÀ1 is the known SCA% of the preceding standard elevation zone lying adjacent to the n′ desired elevation zone for the respective snow accumulation/depletion period, R n is the rate of change in SCA% for the respective snow accumulation/ depletion period per metre of that standard elevation zone in which the n′ desired elevation zone lies, D ME is the mid-elevation difference between the n′ and n − 1 elevation zones in metres. Equation (3) is sensitive to the value of R n , which is influenced by the SCA% and the relief of the two adjacent standard elevation zones. The accuracy of the proposed equation (3) was validated by comparing the computed values of SCA% from equation (3) with the observed values of SCA% derived from the MODIS Terra data during the study period. This task was carried out for different testing elevation zones of varying relief located in the standard elevation zones 4-8 for three different years, 2001, 2004 and 2008 (Table 3) . [2004] [2005] . The report also revealed that 2005 had the highest snowfall ever recorded in the last 30 years. On the basis of 12 years' average analysis, March was found to have maximum snow cover while the minimum was observed in August (i.e. the end of the ablation period).
Results and discussion
Broad climatic conditions prevail over the Chenab basin, thus a year can be divided into four distinct seasons: winter (December to March), pre-monsoon (April to June), monsoon (July to September) and postmonsoon (October to November) (Singh et al. 1997 , Jain et al. 2009 ). Ramamoorthi (1983) attempted to calculate the seasonal snowmelt runoff of the Satluj basin for the years 1975-1978 by taking April to June as the snow retreat span. The period of March to June was regarded as a depletion phase by Roohani (1986) for different sub-basins of the Chenab River. The March to August period was taken into account by Kumar et al. (1993) to calculate SCA for snowmelt runoff in the Beas basin. As per the 12 years' average analysis of MODIS data, SCA tends to increase continuously from September to March, and the decline was seen from April onwards up to August. Therefore, April to August (premonsoon and monsoon) was considered to be the snow depletion period and September to March (post-monsoon and winter) to be the snow accumulation period. During the months of February/March nearly 13 191.28-13 803.77 km 2 , i.e. 59.42-62.18% of the total basin area, remains covered with snow, and 1436.20-3034.84 km 2 , i.e. 6.47-13.67% of the area, sustains the cover during August/September (permanent snow). This suggests that a major portion of the basin remains covered with snow during the snow accumulation period and a significant proportion of runoff in the more arid season is derived from snowmelt when the temperature rises. Singh et al. (1997) reported the contribution of snow-and glacier-melt runoff to the annual flow of the Chenab River at Akhnoor to be 49.10%.
Spatial distribution and inter-annual variations of SCA based on terrain features

Relationship between elevation and SCA
As discussed in the Section 4.1, for monitoring the changes in snow accumulation and ablation pattern over different elevation zones, the September to March period was regarded as the snow accumulation period and April to August as the depletion period. Figure 5(a) depicts the distribution of SCA% with respect to different elevation zones for snow accumulation months of each year for 2000-2011, whereas Figure 5(b) shows the snow depletion trend of each year. The monthly mean SCA% averaged over a 12-year period (2000 to 2011), at different elevation ranges, is plotted in Fig. 6 .
Elevation zone 9 has the highest SCA% among all the zones during June to October, if averaged over a 12-year period; on the other hand, zones 8 and 7 have higher SCA% in comparison to zone 9 during November to May and December to April, respectively (Fig. 6 ). Elevation zone 9, which covers only 0.36% of the total basin area, lies in the middle Himalayas, and has lower SCA% during winter months. This is mainly because the winter snowfall decreases with increasing altitude to the north of Pir Panjal and towards the Great Himalayas range (Rao et al. 1987 , Sharma and Ganju 2000 , Bhutiyani et al. 2010 . They further reported that once snow accumulates, due to the prevalence of very low temperatures in higher elevation zones, the ablation rate of snow becomes low, which results in the occurrence of higher SCA% during summer. Further examination of Fig. 6 also reveals that zone 2 and zone 3 remain snow free during May to November and May to October, respectively. More than 50% of the area of zone 9 is perennially snow covered. Moreover, if the annual mean SCA% of the 12 years is averaged in each corresponding elevation zone, a continuously increasing trend of SCA% from zone 2 to zone 9 (Table 1) is seen, as expected.
The month-wise average of the percentage snow cover for 12 years in each elevation zone was plotted against the corresponding elevation zones to establish a relation between them (Fig. 7) . A third-order polynomial regression determined between these two variables showed a good trend for every month, revealing that there exists a very strong relationship between the elevation and SCA. For almost every month a very high polynomial regression coefficient (R 2 ) of 0.9 was obtained. Figure 7 exhibits the occurrence of two different trends across the elevation, i.e. a nearly even trend in the first three elevation zones that is followed by a steep gradient in the higher elevation zones.
Relationship between slope and SCA
The slope map was intersected with snow-cover images to determine the distribution of snow cover over different slope classes. Then, for each month, the 12-year average was computed, as shown in Fig. 8 . It is observed that a maximum SCA of 50.32% is observed in the 5°-10°slope class. This is due to the fact that of the 1255.43 km 2 area of the 5°-10°slope class, a considerable portion (938.61 km 2 ) lies above the 2900 m elevation zone, which is characterized by a low ablation rate. Sharma and Ganju (2000) stated that almost 75% of hazardous avalanches in the mid-latitudinal Himalayan range occur in the slope range of 32°-40°a nd 60% of avalanches occur in the slope range of 30°-38°in the lower Himalayan zone. In this study it was observed that among all the slope classes a minimum SCA of 29.83% was possessed by the 30°-35°slope class. Figure 9 depicts the third-order polynomial fit between the different slope classes and month-wise average SCA% of the 12 years in the respective slope classes. Notably, a very high polynomial regression coefficient was obtained in the month of December, i.e. R 2 = 0.88. Examination of the trend of the average values of SCA% of the individual years in different slope classes reveals the occurrence of an alternate cycle of increasing and decreasing trends. There occurs a continuous increase in the SCA% with an increase in slope up to 10°that is followed by a reversal in the trend of SCA% with an increase in slope from the 10°-15°slope class up to the 30°-35°s lope class, which is again followed by an increasing trend of SCA% from the 35°-40°slope class to the 55°-60°slope class. However, SCA% of the slope classes above 60°shows a decreasing trend. The decreasing trend of SCA% in the higher slope classes above 60°is primarily induced by sliding of snow due to the action of gravity. Figure 10 depicts the mean SCA% of each month of all the 12 years associated with the 16 different aspect classes considered in the present study. As seen from the figure, among all the aspect classes, spatial snowcover extent was found to be highest in the ESE direction (39% SCA) and the minimum in the NNE (30.89% SCA) and N (30.64% SCA) directions. This observation tallies with the findings reported by Bagchi (1982) , Higuchi et al. (1982) , Singh (1994) and Bhutiyani (1999) , who determined that all the southern slopes, being located on the windward side, receive a considerable amount of precipitation which increases with altitude up to a certain level, while on the leeward side, because of the rain-shadow effect and reduction in the atmospheric moisture content, precipitation decreases drastically. Figure 11 is plotted to depict the difference in SCA% between successive months in each of the 16 aspect classes considered in the present study. A total of 12 (January to December) difference plots are obtained by subtracting the average SCA% of the preceding month from the present month taken into consideration (e.g. for the present month, say December, the difference plot is calculated as SCA% in December minus SCA% in November). Among the 12 difference plots of SCA%, seven of them (September to March) exhibit positive change while the remaining five (April to August) show a negative change in the different aspect classes. Among the seven positive difference plots considered, the January and October difference plots show almost similar positive difference values over all the aspect classes. The difference values for the months of November and December over the different aspect classes follow nearly the same trend. The difference plot for December exhibits the highest values of SCA%. It is also observed that the maximum positive difference values in the month of December are associated with the various aspect classes occurring between ESE and SW. On the other hand, among the five negative difference plots, maximum negative change of SCA% is observed in the month of May while the minimum negative change of SCA% occurs in April. Table 3 shows the rate of change in SCA% per 100 m rise in elevation (i.e. R n multiplied by 100) for the snow accumulation and depletion periods. For the snow accumulation period, the least rate of change in SCA% with respect to elevation is found to be associated with standard elevation zone 3 (1500-2200 m) and maximum with standard elevation zone 6 (3600-4300 m), i.e. 0.14% and 3.37% respectively per 100 m rise in elevation. On the other hand, during the depletion period, the least rate of change of 0.12% is found to be associated with elevation zone 4 (2200-2900 m) and the maximum rate of change of 3.67% with elevation zone 7 (4300-5000 m), per 100 m.
Relationship between aspect and SCA
Change in SCA% with rise in elevation
Equation (3) was validated by comparing the computed values of SCA% determined from equation (3) with the observed values of SCA% derived from the MODIS Terra data for three different years i.e. 2001, 2004 and 2008 . The results of the validation for the snow accumulation and depletion periods are provided in Fig. 12 , which shows the occurrence of nearly the same values of observed SCA%, derived from the MODIS data, and computed SCA%, derived from the equation (3). This finding signifies that equation (3) can be used for making reliable estimates of SCA% in any desired elevation zone in the present study area.
Conclusions
The Chenab basin is characterized by the occurrence of inhomogeneous terrain conditions, leading to non-uniform snow-cover distribution over the basin. It is necessary to carry out continuous monitoring of snow cover in space and time, which forms a vital input to the glacial mass balance estimation, and modelling of snowmelt runoff and hydrological regime. The present investigation was performed in parts of the Chenab basin located in the western Himalayas in India with the following objectives: first, to assess the impact of terrain variables such as elevation, slope and aspect on the spatio-temporal distribution of SCA% and, second, to determine the inter-annual variability of SCA% in each month, using time series monthly MODIS Terra (MOD09A1) data for the period 2000-2011. From the different analyses performed in the present investigation, the following conclusions are drawn. First, annual mean of SCA computed for the individual years was found to be a maximum (37.89%) in the year 2005, while the minimum value of 32.07% was observed in 2001. Second, the monthly average SCA computed over a 12-year period exhibited a maximum value in March (62.18%) while the minimum value occurred in the month of August (6.47%). Third, among the different terrain parameters considered in the present study, it was observed that variation in elevation has a major influence on the snow accumulation properties in the study area. Fourth, slope class ranging between 5°and 10°is found to be associated with proportionately maximum SCA% in the study area, while the minimum proportion of SCA% is found to occur in the slope class ranging from 30°to 35°. Fifth, among the 16 different aspect classes considered in the present study, ESE-facing slopes are found to be associated with significantly greater SCA% as compared to other aspect classes. Sixth, the maximum rate of change in SCA% per 100 m rise in elevation during the snow accumulation period was found to be associated with the elevation zone of 3600-4300 m, whereas in the depletion period the elevation zone of 4300-5000 m exhibited the maximum rate of change in SCA%. The results obtained from the present investigation can be further improved through Figure 10 . Month-wise SCA% averaged over a 12-year period (2000-2011) in different aspect classes. The radius in polar coordinates demonstrates the SCA (%), and the angle indicates the aspect (degree). Figure 11 . Difference in SCA% between successive months computed for every month in each aspect class. multiple linear regression of the governing parameters, and also by incorporating the influence of meteorological parameters on SCA. 
